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Abstract 
The characteristics of the fission fragments (FF) as well as those of the prompt neutrons and gammas can be deduced 
using FIFRELIN Monte Carlo simulation code. The quality of the results obviously depends on the experimental 
entry data, the theoretical and phenomenological models, and the various assumptions done in the code. The goal of 
this paper is to highlight new features of the code and to present some selected new results focusing on the use of a 
temperature-dependent spin cut-off, the prompt gamma de-excitation capability, a ROOT-based tool for the analysis 
of the FF histories, the estimation of correlated quantities, and so on. The influence of some experimental data on the 
neutron multiplicity and the influence of the level density parameter models on fission observables are also presented. 
Finally a preliminary result concerning the neutron spectrum for the 238U(n,f) reaction at 1.8 MeV is shown. 
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1. Introduction 
The aim of this paper is to present some new features of the FIFRELIN code dedicated to the Monte 
Carlo simulation of the fission fragments de-excitation. The details of the simulation can be found in Ref. 
[1]. The main basic models concern (i) a mass dependent charge polarization, (ii) a mass dependent 
temperature ratio between complementary fission fragments after full acceleration, (iii) a spin dependent 
excitation energy limit for neutron emission. Contrary to the previous version of the code, a temperature 
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dependent spin cut-off is now used instead of two different constant values for light and heavy fragments. 
The last step of the nucleus cooling, e.g. the evaporation of prompt fission gamma-rays, has been 
implemented in this new release of the code and can be found elsewhere in the proceedings of this 
workshop [2]. Some other new features are introduced and described in the following section. Section 3 is 
dedicated to the study of the influence of theoretical models (level density parameter) and experimental 
input data (kinetic energy distribution) on fission observables. Finally, in section 4, a preliminary result on 
prompt fission neutron spectrum for the 238U(n,f) at 1.8 MeV is shown. 
2. New features of the FIFRELIN code 
The main new features available in FIFRELIN are: 
• The accounting for a temperature dependent spin cut-off [3] for the primary FF spin distribution,  
• Some connections with RIPL-2 [4], RIPL-3 [5], NUDAT [6], AME2003 [7,8] data bases in order to be 
able to choose between different kind of level density parameter ingredients (shell corrections, pairing 
correlations…), level density and strength functions models, and so on, 
• A ROOT [9] based tool for analyzing the fission fragments and ejectiles in a user friendly way by 
providing multi-parameter distributions and constraints,  
• The capability to estimate correlations between fission observables, 
• The simulation of the prompt fission gamma emission after neutron evaporation [2], 
• The possibility to read input data from fission mode calculations [10]. 
2.1. Temperature dependent spin cut-off 
The spin (J) of the primary fission fragments are sampled from the following distribution: 
                          P(J )∝ (J +1/ 2)exp(−(J +1/ 2)2 / 2σ 2 )  
In the previous model (only tested on the 252Cf(s.f.) system), we used a constant value 222 B=σ with 
6=B  for light fragments and 2.7=B  for heavy fragments. These values were estimated in order 
to obtain the best compromise between calculated and measured prompt neuron multiplicity as a function 
of mass (the well known saw tooth). We found later that these values are very consistent with those from 
Wilhelmy [11] who proposed a mean value of )27( ±  and a 20% higher value for the heavy fission 
products than for the light ones. Nevertheless this is not satisfactory because these two values are adjusted 
factors and a more reliable relation is now used. These values are calculated from a temperature 
dependent [3] spin cut-off: 
                               aaUA ~/01389.0 3/52 =σ , 
where U is the effective excitation energy corrected for pairing, a the level density parameter following 
the Ignatyuk’s prescription [12] and a~  its asymptotic value. The accounting for a temperature dependent 
spin cut-off is shown in Fig. 1 where the primary fission fragment entry region in a (E*, J) plan are 
represented and compared with a constant value of the spin cut-off. The new type of spin cut-off seems to 
be more suitable because the more the excitation energy, the more the total angular momentum range 
compared to the previous model, with an almost unchanged mean value for E* and J. 
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Figure 1: Entry region (E*, J) for primary fission fragments calculated for 252Cf(sf). Left hand side is related to the entry region 
obtained with the previous model (constant spin cut-off) and the right hand side is related to the model using a temperature 
dependent spin cut-off. 
2.2. Connections with international data bases for reference input parameters 
The code uses the AME2003 Atomic Mass Evaluation [7, 8] to calculate the nuclear binding energy 
and the neutron separation energy of the sampled fission fragments. The RIPL-2 and RIPL-3 databases 
are also used to calculate the level density under CTM (Constant Temperature Model) or CGCM 
(Composite Gilbert-Cameron Model), gamma strength functions (Single Particle, Standard Lorentzian, 
Enhanced Generalized Lorentzian…) and other related nuclear parameters.  
2.3. ROOT based tool for the complete analysis of the fission fragment characteristics 
During the simulation, the characteristics of the fragments as well as those of the emitted neutrons at 
each step of the evaporation process are stored in a file (one line per fragment). At the end of the 
simulation this file is converted in a specific file (a ‘tree’) that ROOT is able to read and analyse. Using 
this software it is straightforward to plot any kind of distribution as function of any kind of parameter 
with or without constraints. A simple example is shown in Fig. 2 where the ‘TreeViewer’ available in 
ROOT is used to plot the pre-neutron mass yield and the pre-neutron mass yield corresponding to 
fragments with a total kinetic energy less than 160 MeV. This is performed in only four steps. Step 1: 
drag and drop the ‘A’ parameter in the ‘x’ empty box. Step 2: click the ‘Draw’ button to directly obtain 
the Y(A) plot. Step 3: write the constraint (here it is: initial TKE less than 160 MEV) in the ‘cut’ box. 
Step 4: click the ‘Draw’ button to obtain the constrained Y(A;TKE<160) 1D-distribution. An other 
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example is represented in Fig. 3 by a 3D-plot of the cold fission of 252Cf(sf) mostly represented by the 
146Ba/106Mo fragmentation, which is in agreement with Hamilton [13].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Example of a ROOT-tree analysis for plotting constrained distributions 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3:  Example of a ROOT-tree analysis for plotting cold fission events distributions 
2.4. Correlations 
Statistics of any kind of distribution can be reached inside the code. A short application is given here 
with the analysis of the matrix of the mass and kinetic energy dependent prompt neutron multiplicity. One 
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can find in the literature two different values for the reciprocal slope of the prompt neutron multiplicity as 
a function of the fission fragment total kinetic energy (TKE). Following Nifenecker’s investigations [14]: 
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we can relate this value (first term on the right-hand side of the equation) to the slope of the distribution 
knowing the mass of the fragments (the term of the left-hand side) by using variances. The FIFRELIN 
code gives a mass conditional variance of TKE (<σ2(TKE/AL)>) around 50 MeV2 and a variance 
σ2(TKE) around 90 MeV2. We find a total slope around -13 MeV/n, a partial slope (knowing the mass) 
around -8 MeV/n and a ratio of variances around 0.6 (the four quantities can be separately calculated in 
the code). All these results are in agreement with those of Nifenecker. 
3. Influence of model and experimental parameters on fission observables 
3.1. Influence of level density parameter on fission observables 
The neutron spectrum is governed by the residual nuclear temperature of the fission fragment at each step 
of the neutron evaporation stage. The level density parameter is then a key parameter because it is the link 
between the excitation energy of the fragment and its temperature. The level density parameter is 
calculated using the Ignatyuk prescription or the Gilbert and Cameron [15] formula. For the former 
model, several shell corrections and pairing corrections can be used. The effects of these changes are 
estimated on the prompt neutron multiplicity and reported in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  Influence of the level density parameter model on the prompt fission neutron multiplicity as a function of the fragment 
mass (left hand side); the right hand side shows the ratio of the different models over the reference one (see text).  
In Fig. 4, the legend ‘Ignatyuk-Myers-Swiatecki’ stands for: level density parameter calculated with 
Ignatyuk’s prescription using shell corrections from Myers and Swiatecki [16]. The reference calculation 
is ‘Ignatyuk-Myers-Swiatecki (β)’ and (β) means that the Myers-Swiatecki shell corrections are 
calculated at the ground state deformation. The legend ‘Gilbert-Cameron’ stands for: level density 
parameter obeys the Gilbert and Cameron prescription. The results are compared with experimental data 
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from [17]. Obviously the worst case is obtained with the Gilbert-Cameron level density parameter 
prescription which does not account for the excitation energy dependence leading to an average 
overestimation of around 20% for light fragments and an opposite 25% underestimation for heavy 
fragments. This leads to a bias cancelation for the total prompt multiplicity (around -2%). Note that the 
total average prompt neutron multiplicity υ can be correctly estimated even if its representation as a 
function of mass )(Aυ  is incorrect.  
3.2. Influence of experimental data on prompt neutron multiplicity 
After the fission fragment mass yield, the most important ingredient is the kinetic energy of each 
fragment before prompt neutron emission. For 252Cf(sf) we used the data of Varapai et al. [18]. In order to 
test the influence of the kinetic energy distribution on fission observables, we also used the fission modes 
data set from Hambsch et al. [19] for the reconstruction of the mean value of the kinetic energy as a 
function of mass (the Gaussian width being the same). Doing this we have for a given mass yield two 
different data sets for the kinetic energy as shown on Fig 5 (left side). The influence on the saw tooth is 
represented on the right side of Fig. 5. The absolute value of the difference in kinetic energy between the 
two data sets is also reported on the right scale. For illustration, this difference is about 800 keV around 
the mass A=120. If we consider, in a first approximation, an energy of about 7 MeV required for emitting 
a neutron (corresponding to a neutron separation energy of about 5.5 MeV and a mean centre of mass 
neutron energy of about 1.5 MeV), we should observe a difference in the prompt neutron multiplicity 
roughly equal to 0.11 neutron at A=120 (the less the kinetic energy the more the excitation energy and the 
more the neutron multiplicity). This expected difference is actually observed in the right side of Fig 5. 
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Figure 5:  Influence of the fission fragment kinetic energy distribution on the prompt neutron multiplicity. The different data sets are 
shown in the left part and the impact on the saw-tooth is represented in the right part. 
4. Prompt fission neutron spectrum for 238U(n,f) at 1.8 MeV 
A great number of comparisons has been performed for 252Cf(sf). Now we are trying to study the 
neutron induced fission systems but it strongly depends on the availability of the experimental input data. 
An interesting solution could be the fission modes description of the mass and kinetic energy yields [10]. 
Unfortunately the data set found in the literature is often incomplete. We used the 238U(n,f) data from 
Birgersson et al. [20] which is a very good example of complete data set providing for each mode the 
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average mass, the standard deviation of the mass yield, the average total kinetic energy, the standard 
deviation of the kinetic energy distribution and the channel probabilities. In addition, we can find a useful 
set of data which are the mass yield, the average kinetic energy and the standard deviation as a function of 
the fragment mass for three different neutron energies (0.9, 1.2 and 1.8 MeV). Encouraging preliminary 
results concerning the prompt fission neutron spectrum (PFNS) are shown in Fig. 6 compared with 
experimental data of Baba [21].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6:  PFNS for 238U(n, f)@1.8 MeV calculated with FIFRELIN (preliminary results) compared with experimental data from 
[21].  
5. Conclusion 
The aim of this paper was to highlight new features of FIFRELIN and to present some selected new 
results. The influence of experimental data (especially the fragment kinetic energy distributions) on the 
saw-tooth and the influence of level density parameter models on fission observables were also studied. 
Finally after few comparisons related to 252Cf(sf), an encouraging preliminary result concerning the PFNS 
of the neutron induced fission of 238U at 1.8 MeV was presented. 
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